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Claims 




1. 



2. 



3 » 



4 , 



An opcxcal waveguide with mulriple core layers for 
transmitting an optical signal, the waveguxde 
including : 
a substrate; 

a waveguxde core formed on the substrate and comprising 
a first core layer and a aecond core layer r 
an upper cladding layer embeddxng saxd waveguide cor©; 
wherein the first core layer includes a dopant to 
permit the first core layer to exhibit a photosensitive 
response, and the second core layer includes a dopant 
CO induce amplification of an optical signal 
cransmxtted through said waveguxde core. 

An optical waveguide according to claim l, wherein the 
first core layer includes a germanium oxide to permit 
the first core layer to exhibit a photosensitive 
response. 

An optical waveguide according to Claim 2, wherein the 
first core layer further includes a boron oxide. 




A waveguide as claimed in ^ny preceding claim, wherein 
the substrate comprises^^ilicon and/or silica and/or 
sapphxre . 



5. A waveguide as><;laxmed in any preceding claim, wherein 
the substracs includes an intermediate layer. 
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A waveguide 
incermedx^' 
the sub 




20 

med inCjaim 5, wherein the 
yer^^^tiicludes a buffer layer formed on 



7. A waveg^de as ciao-med in Claim 6, wherein said buffer 
layer^omprises a thermally oxidised layer of the 
Bubeorate. 

8. A waveguide as claimed in Claim 6 or Clain/?, wherein 
the intermediate layer further includes^ lower 
cladding layer formed on said buffer J^yer. 



9, A waveguide as claimed in any of >;j^laims 6 to 8, wherein 
the thickness of the buffer layer is in the range 5 m 
to 20 m. 

10. A waveguide ae claimed in/any preceding claim, wherein 
the second core layer i^ formed on the first core layer 
and aaid first core Laye^r is formed on the pubstrate. 

IX, A waveguide as claimed in any of Claims 1 to 9, wherein 
the first core^ayer is formed on the second core layer 
and said second core layer is formed on the substrate. 



12 




13 



A waveguide as claimed in Claim 10, wherein a further 
first core layer ie foarmed on the second core layer 
such that the first core layer sandwiches the second 
core layer. 

A waveguide as cls^xmed^ii any preceding claim, wherein 
the first core layer includes silica. 
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A waveguide as claimed in^ae^ypre ceding claim, wherein 
the first core layer^d^pant includes dopant ions- 

A waveguide as G3f^^^^ in Claim 14, wherein the first 



core layer 
sodium. 



^antC-ions incljude- ttn- and/or cerium and/ or 



A waveguide as claimed in ar^^receding claim, wherein 
the second core layer inclpdes silica. 
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20. 



A waveguide as clair 
the second core 



A waveguide 
che second 



A waveguide 
core layer 




in any preceding claim, wherein 
includes a phosphorus oxide. 



arv^^S&cedarng claim, wherein 
Lan:t includes dopant ions. 



Claim IS, wherein the second 
includes a mobile dopant , 




A waveguide as claimed in any of Claims 16 to 19, 
wherein the second core layer dopant includes a rare 
earth and/or a heavy mecal an^or compounds of these 
elements . 



21. A waveguide as claimed i^ Claim 20, wherein the rare 



eairth is Erbium or Neodymium, 

22, A waveguide as cl^4med in any preceding claim, wherein 
the refractive ^ndices of the first core layer and the 
second core lawyer are substantially equal. 
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23 . A waveguide as claimed In any precedingy^claim, wherein 
Che refractive index of che waveguide^^ore differs from 
chat of Che substrate by ac lease J0mo5%. 



24 . A waveguide as claimed in am^ preceding claim, wherein 
Che thickness of the f irst^core layer is in the range 
0.2 ro to 30 m. 



25. A waveguide as cl^lCmed in any preceding claim, wherein 
Che thickness ox the second core layer is in the range 

0,2 m to 30/;^ 




26. A wavegi^de as claimed in Claim 24, wherein the width 
of ch^ waveguide core lies In the range 0.^ m co 60 




21. A waveguide as 

wherein the upp^: 
layer coirr^rise 

28. A waveguide as claimed 
the refractive index 
refraccive index of 
subscancially equal 



in anyot-eiaims 8 to 26, 

ayer and the lower cladding 
macerial , 

izxg claim, wherein 
and the 
cladding layer are 




29. An optical waveguide according 
5in the^ij 



28, wherein 



any of Claims 1 to 
irst core layer includes at least 17% 



wc germaniwp?^opant . 

*30. A method of fabricating a wavegua.de comprising the 
steps of: 

providing a siabstrate,- 
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1 forming a waveguide core on the substrate r the 

2 waveguide core comprieing a first core layer and a 

3 second core layer; 

4 forming an upper cladding layer to embed the waveguide 

5 core ; 

6 wherein the formation of the first core layer includes 

7 the doping of the first core layer with a dopant for 
S permitting the first core layer co exhibit a 

9 photosensitive response, and the formation of the 

10 second core layer includes the doping of the second 

11 core layer with a dopant for Inducing amplification of 

12 an optical signal transmitted through said waveguide 

13 core, 
14 

15 31. A method according to Claim 30, wherein the dopann used 

16 to permit the first core layer to exhxbit a 

17 photosensitive response is a germanium dopant, 
IB 

19 32. A method according to Claim 31, wherein the first core 

20 layer is co-doped with a boron dopant. 

33- A method as claimed in any of Cl^i^^ 30 to 32, wherein 

3 the formation of the subatr^;i^ includes the formation 

24 of an intermediate l^^ar'^ormed on said substrate. 
25 

26 34- A method as claimed inC^irp;^^^, wherein the formatxon 

27 of the intermediate J^t^p^ncludes the formation of a 

28 buffer layer. 

30 35. A method as c^^^^^^^la-im^''3^^ the buffer 

31 layer form^'^y thermally oxidising the substrate. 

32 / 
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A menhod as claimed in Claxm^^ox Cla.im 35, wherein 
the formation of the intermediate layer further 
includes the formatt^^fof a lower cladding layer formed 
on said buffer l^yer. 



A method ae claimed xn^^f^x 
of the lower claddir>g X^^^tc includes dopi 



36, wherein the formation 

aid lower 



cladding layer with a/^ropant: 



A method as 
includes dop 




wherein the dopant 



A method as claimed in anyg^=€?2aim9 30 to 38, wherein 
the second core la^§2?====fijormed on the first core layer 
and wherein^^^^first core layer ia formed on the 
substr^^eT 

A method as claimed in ai^^ofc;^laimfi 30 to 39, wherein 
the first core layer^i-fe i^^^d on the second core layer 
and said second core la|^er is formed orTthe substrate. 



A method as claime<i in Claim^D, wher«in a further 
first core l^ye^^as kojm^^on the second core layer 
such that tt^p^first oore layer sandwiches the second 
core layer. 

A method as claimed in any of^^laims 30 to 4i, wherein 
the steps of forming any Mie of the substrate, first 
core layer, the second^^^^re layer, and the upper 
cladding layer comnj^^se the steps of: 
depositing eachJ^ayer/ and 

at least parp^^illy consolidating each layer - 
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A mechod as claimed in Claim 42, wherein any one of che 
fiiibscrace, the first core layer, the second core layer 
and the upper cladding layer partially consolidated 
after deposition is fully consolidated with the full 
consolidation of any other of the first core layer, the 
second core layer or the upper cladding layer. 



A method as claimed in any 
the formation of th.e Bribstrate 
the substrate with a dopan 




to 43, wherein 
the doping of 



to 44, wherein 



A method as claimed in 
the dopant includes d^ant 

/.! 

A method as claimed iii cXkxx^ 44 or ciaajT^4'S^ wherein 
the substrate dj^ant / Includes a mobvi'^dopant . 



A method asyiaimed^^ Claim^45 or Claim 46, wherein 
said f ir^^core ^^^jf ^ dopanr ions include tin and/or 
cerium ag^Vor sodxuTk^...^:..^^^ 




48. A method as c^^aimed in any of Claims 45 to 47, wherein 
said second/core layer dopant ions xnclude a rare earth 
and/or a h^avy metal and/or compounds thereof . 



49, A method as claimed in Claim 48, wherein said rare 
earth Erbium and/or Neodymium. 



50 




A method as claimed in any o^ Claims 3 0 to 49, wherein 
the concentration of the^^irst core layer dopant is 
selectively controllj^C iuring the formation of the 
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first core layer and the conc^OT-racion of the second 
core layer dopanr is 3elec|:^eXy controlled during rh€ 
formation of the secon^^ore layer so that the 
refractive index o^^he first core layer and the 
refractive ind^ of the second core layer are 
substantially equal. 



51. 



52 



A method as claimed in Claim 50, wherein the 
concentrations of the first core layer dopant and 
second core layer dopant are controlled to give a 
refract xve index for the waveguide core which differs 
from that of the substrate layer by at least 0.0S%. 




A method as clai^d in/any of Claims 34 to 51, 
said lower cl adding//! ayer an 
formed 3ubstam:ial' 




wherexn 
Said buffer layer are 
ip^ifhe same 3 1 ep . 



A method as claimed in any of Claxm^.:^4f2^ to 52, wherein 
at least one of the BXihBCT^c^^f^'''zh& first core layer, 
the second core la^r^^rtd the upper cladding layer is 
deposited by ^^^L^am& Hydrolysis Deposition process 
and/ or Chemical Vapour Deposition process. 



4, A mechod as claimed in Claim 53, wherexn the chemical 
Vapour Deposition process is a Low Pressure Chemical 
Vapour Deposition process or a Plasma Enhwced Chemical 
Vapour Deposition process. 



5. A method as claimed in a^i^ of Claims 42 to 54, 

wherein the consoli^i^ion is by fusing using a Flame 
Hydrolysis Depo3ii;^n burner-. 
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56. 



57. 



58. 



59. 



SO 



61 




A mechod as c 
Che consolid 




in any o£ claims 42 no 55, wherein 
c==Jtfsing in a furnace. 



A mechod ae claimed in CX^iJ^e^s or claim 56, wherein 
the Bcep of fusing the ^^p^er cladding layer and the 



seep of fusing the f^irrsc core layer and/or the second 
core layer are ^p^formed simultaneously. 

A mechod as clJ^ed in any of Claims 3 0 to 57, wherein 
Che waveguide formed from the first core layer 

and the second coreVLayer using a dry ecching technique 
and/or a pbocolichog^phic technique and/ or a 
mechanical sawing process. 

A method as claimed in Claim 58. wherein the dry 
ecching technique comprises a reactive ion etching 
process and/or a plasma etching process and/or an ion 
milling process. 



A method as claimedl any oc Claims 30 to 59, wherein 
Che waveguide c^e^^j^rr^^rom che first core layer and 
Che second core/layer xi's i 



cros3 - sect iom 




square or rectangular in 



ny of Claims 30 to SO, wherein 



A method accoj^dinc 

/ // ' 

the first ^p^re layer is doped with at least 17%wt 
germaniui^aopant . 



A laser waveguide with mulrig^Je core layers for 
transmitting an optxcal s;ignal , the laser waveguide 
comprising a waveguid^^s claimed in any of claims 1 to 
29, the laser wayp^ide further comprising: 
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63 



A laser waveguide as claimed xn Claim 62, wherein the 
laser waveguide further coinprises at least one optical 
interference mirror - 



64 . A laser waveguide^s^ 

the optical incerfe^^ce 




imed in Claim 63/ wherein 
rror is provided at the 



input of the 



65. A laser waveguide as claimed in Claxm^^^, wherein the 
interference mirror is butt- coup le^^o or directly 
deposited at the input of the ji^^eguide. 

66, A laser waveguide as c^a^lned an any of claims 62 to 65, 
wherein the laser waveguide includes two mirrors and a 
grating. 



67 




A laser wa^j^^uide as claimed in any of Claims 62 to 65, 
wherein laser waveguide includes one mirror and two 
gratiH^s. 



68 , A laser wavegui 
laser waveguid 




claim^d^in Claim 62, wherein the 
es three gratings. 



6d. A laser waveguide as claimed in any of Claims S2 to 68, 
wherein the grating foinp^ is a Bragg grating. 

70. A laser waveguid^^s claimed in any of Claims 62 to S9, 
wherein said ^^ting forms an output coupler for said 
laser wave^iuide. 
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71. 



72. 



73. 



74. 



75- 



76 



77, 



A laser waveguide as claimed in any of^laims 62 co 70 
further comprising an opcical incer^^ence mirror butc 
coupled to or direccly deposit ed^^;^:;at the output of the 
waveguide . 



A method of fabricati 
forming a waveguidi 



a laser waveguide, comprising 

to a method as claimed in 



according 

any of Claims 3^p^o 61, the method of fabricating the 
laser wavegu;;^de further including the steps of : 
forming least one gracing in said waveguide core. 



A method as claimed m Claim 
step of attaching at least 
mirror to the waveguide - 





er including the 
i n t e rf er ence 



A method as claimed in Claim^7;3, wherein the optical 
interference mirror is atcacl^ied to an input of the 
waveguide . 



A method as claimed i^/any| of claims 72 jco 74, wherein 
the grating is formed^ using a laser op^er a ting at a 



wavelength in the/range of 



m to 4 00 nm through a 



phase mask depo^^ed on top of said upper cladding 
layer of the y^veguide . 



A rnethodl^ claimed in Claim 75, wherexn said mask is a 
quart z^^^nask. 

A method as claimed in any of Claims 72 to 74, wherein 
the grating is foMfed using a using an interference 



side writing 



lique. 
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1 78. A method as claimed in any of Claims 72 to 74, wherein 

2 the gracing is formed using a direct writing technique. 



4 79. A method as claimed in any of Claimar 72 to 78, wherein 

5 Che grating formed is a Bragg gratiing. 

6 / 

7 80. A method as claimed in any of Claims 73 to 79, wherein 

8 Che optical interference mirror is butt-coupled to or 

9 directly deposited at the input of the waveguide. 



11 81. A method ae claimed in^a^^of Claims 72 to 79, further 

12 coniprising the step of^act^ching a second optical 

13 interference mirror to tl^e output of the waveguide. 



27 
28 
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15 82. A waveguide slUistantially as described herein and with 

16 reference to Pigs. lA to IC of the accompanying 

17 drawings. / , / 



19 83. A laser waveguide/substantially as^de^cribed herein and 

20 wicb reference/t^p Figs. 2A and^2i^of the accoTipanying 

21 drawings''. 




22 

23 84. A method of/ l^abrieating a waveguide with multiple core 

24 layers i^J&t/kntially as described herein and with 

25 reference t^o Figs. lA to IC of the accompanying 

26 drawings 



// 

85. A metho^^'of fabricating a laser waveguide with multiple 
<^<=*^® l^yej^s substantially as described herein and wxth 

30 reference to Piga. 2A and 2B of che accon^ianying 

3 1 drawings . 

// 
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